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ON CONGENITALLY ATHYMIC NUDE MICE 
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Department of Dermatology, University of North Carolina School of Medicine, 
Chapel Hill, North Carolina, U. S. A. 
Whole-skin grafts from a patient with lamellar ichthyosis were maintained on athymic 
nude mice for periods of 6 weeks to 4 months with excellent preservation of all gross and 
histologic features of the disease. In recombinant grafts composed of lamellar ichthyosis 
epidermis and normal dermis grown for periods up to 87 days on nude mice, the abnormal 
epidermis retained all the features of lamellar ichthyosis. Similar results were found in 
recombinants of lamellar ichthyosis epidermis and dermis. In recombinant grafts of normal 
epidermis and lamellar ichthyosis dermis, the epidermis remained normal and did not 
become ichthyotic. These observations support the hypothesis that the defective gene in 
lamellar ichthyosis acts directly on the epidermis as opposed to acting indirectly through a 
systemic abnormality or through an effect on neighboring dermis. 
Lamellar ichthyosis (non bullous congenital 
ichthyosiform erythroderma) is a severe form of 
congenital ichthyosis inherited in an autosomal 
recessive mode. The disease usually begins at birth 
as a tight, shiny epithelial encasement which 
cracks in some areas ("collodion baby"). Later the 
disease is characterized by large, coarse scales 
which cover most of the body and persist through-
out life. The palms and soles are hyperkeratotic. 
Ectropion is a frequently associated finding. Histo-
logically, the affected epidermis is hyperkeratotic 
and acanthotic, usually with a prominent granular 
layer. Epidermal cell proliferation and transit time 
are accelerated [1-3). 
The purpose of this paper is twofold: (1) to 
describe an animal model for the study of lamellar 
ichthyosis utilizing long-term grafts on nude 
athymic mice, and (2) to report the results of 
studies which localize the site of action of the 
defective gene in lamellar ichthyosis to the epider-
mis. 
MATERIALS A~D METHODS 
Patient. T.C. is a 36·year·old white male with lamellar 
ichthyosis which has persisted since birth. His body is 
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covered with large, coarse scales and he has severe 
ectropion of both lower eyelids. 
Animals. Nude athymic mice (NMRIIBOM-nu/nul 
were originally obtained from Gl Bomholtgard Ltd. (Ry, 
Denmark) in a specific pathogen. free (spf) condition and 
have been maintained as a self-sustaining breeding 
colony. The animals are housed in flexible plastic film 
isolators (Germfree Lab.) under barrier-sustained condi· 
tions with the provision of sterilized water. feed (Purina 
Lab Chow for Autoclaving 5OIOC). and bedding (San-I-
Cell. Paxton Processing Co.). These precautions increase 
breeding efficiency, prolong animal life, and decrease the 
incidence of infections to which these animals are very 
susceptible. 
Grafting techniques. Animals to be grafted were anes-
thetized with sodium pentobarbital (Nembutal). A graft 
site on the anterolateral back was prepared with iodine 
and alcohol after which a circular piece of skin approxi-
mately 6-8 mm in diameter was removed down to the 
panniculus carnosus. Care was taken not to injure this 
layer which is essential for vascularization of the graft. 
Skin samples to be grafted were cut into 6· to 8-mm-
diameter pieces with a biopsy punch and fitted into the 
prepared graft sites. The grafts were allowed to dry in the 
open for 15 to 30 min for better attachment of the graft 
tissues at the graft site, after which the graft was dressed 
with a Band-Aid spot (Johnson & Johnson) reinforced 
with cloth adhesive tape. Dressings were maintained for 2 
to 4 weeks. All operative procedures were performed 
utilizing sterile techniques in a covered hood under 
intermittent germicidal light. Usually only one graft was 
done on each animal. 
Preparation of Skin Components from Normal and 
Ichthyotic Subjects 
After obtaining informed consent, a donor site on the 
thigh or buttocks was prepared with tincture of iodine 
and aleoiml and anesthetized with 1% lidocaine contain-
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ingepinephrine. Some of the attached scales were 
manually removed from the subject to facili-
tate skin grafting. A split-thickness sheet of skin measur-
ingapproximately 1.5 3-6 em was removed using a 
sterile Castoviejo dermatome set to cut at a depth of 
0.3-0.4 mm for normal skin and 0.6.mm for ichthyotic 
skin. The donor site was dressed with steritepetrolatum-
impregnated gauze and wrapped with flexible gauze 
dressing. Healing was rapid and comparable in normal 
and ichthyotic subjects. No secondary infections or 
complications at the donor sites were noted. The split.-
thickness sheet was placed in Medium.l99 with 10% fetal 
calf serum and transported to the laboratory. For some 
experiments the split-thickness sheets of skin consisting 
of both epidermis and dermis (referred to as whole skin 
hereafter) were cut into circular pieces for grafting 
directly to mice. Pregraftcontrol of lamellar ichthyosis 
skin is seen in Figure L 
Preparation and Cultivation of Recombinant Grafts 
using Normal and Ichthyotic Epidermis and Dermis 
For recombinant graft studies, it was necessary to 
separate epidermis from dermis. To accomplish this. 
split-thickness sheets of no~aland ichthyotic skin were 
placed in 0.4% trypsin solution (Difco 1:250) at 4 cC for 
approximately 1 hr after which the skin was transferred 
to cold Medium 199 with 30% fetal calf serum to 
inactivate the enzyme and the epidermis and dermis were 
separated. Sheets of isolated epidermis and dermis from 
both normal and ichthyotic subjects were cut into 6- to 
8-mm circular pieces after which the pieces were assem-
bled into recombinants. Recombinant grafts were con-
structed using 3 combinations of normal and .abnormal 
epidermis and dermis as follows: 0) ichthyotic epidermis 
with normal dermis. (2) normal epidermis with ichthyo-
tic dermis. and (3) ichthyotic epidermis with ichthyotic 
dermis. The ·basal surface of the epidermis was apposed 
to the more superficial surface of the dermis which had 
previously made up the epidermal-dermal junction. 
Stickiness of these surfaces facilitated the recomhinant 
procedure. The newly constructed epidermal-dermal 
recombinants were carefully transferred to prepared graft 
sites in nude mice. Following completion of the recombi-
nation procedures, pieces of normal and ichthyotic epi-
dermis and dermis which were not used in the recombi-
nants were monitored histologicaily to he sure that one 
skin component was not contaminated by the other. 1\0 
contamination was found. 
Examination of Grafted Skin 
After varying periods, the grafts were inspected grossly 
and a photographic record was made. The animals were 
FIG. L Lamellar ichthyosis. Pregraft control skin 
showing marked hyperkeratosis. prominent granular 
layer, acanthosis, and accentuation of the dermal papil-
lae-rete ridge pattern at the epidermal-dermal junction 
(x 40). 
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sacrificed. and the grafts removed in their entirety witb 
surrounding nlouse ;skinat'ter which tissues were pre-
pared for histologic examination by routine techniques. 
RESULTS 
Normal Skin on Nude Athymic Mice 
An essential criterion for the utilization of this 
model for· the study of .ichthvosis is that normal 
skin grafted to the athymic ·mouse he well pre-
served for long periods of time (more than 6 weeks) 
without evidence of graft rejection or disordered 
keratinization. Studies by others have indicated 
that human skin grafted to these animals is 
consistently well preserved over prolonged periods 
[4-6]. Our results support these conclusions. Fig-
ure 2a shows normal human skin 70 days after 
grafting to the mouse. A distinct junction between 
the human skin graft and the surrounding mouse 
skin is obvious on histologic examination (Fig. 2b). 
Humanepidermis appears normal and comparable 
in thickness and epidermal pattern to the pregraft 
skin control. 
Ichthyotic Skin on Athymic Mice 
Sixty-five whole-skin grafts from a patient with 
lamellar ichthyosis were attem pted (1 graft per 
mouse). In 21 of these, the animals died during the 
experiment prior to barvesting the grafts. In 3, the 
grafts were lost and only contracted scars were 
found at the graft site. Forty-one animals retained 
the grafts for periods of from 6 weeks to 4 months 
and served as the basis for the following descrip-
tion. On gross inspection, the grafted skin had the 
appearance of lamellar ichthyosis. Grafts were 
covered with coarse lamellar scales (Fig. 3a) which 
contrasted dramatically with the adjacent mouse 
skin, On some grafts, heavy scales as large as the 
graft itself remained loosely attached to a portion 
of the grafL On whole mount histologic sections of 
the grafts and surrounding mouse skin, an abrupt 
transition from mouse to human ichthyotic epider-
mis was even more obvious than that ohserved 
with normal human skin grafts. The histologic 
features of lamellar ichthvosis were well main-
tained in the grafts (Fig. -3b). The stratum cor-
neum was compact and markedly thickened, the 
granular layer was prominent, and the viable por-
tion of the epidermis was acanthotic. In some 
grafts, a zone of parakeratotic stratum corneum 
was sandwiched between layers of stratum cor-
neum which were more typical of lamellar ichthyo-
sis. We interpret this to be the result of the 
previous grafting procedure which produced a 
transient alteration in the formation of stratum 
corneum, a phenomenon observed previously in 
human skin grafted to the chorioallantoic mem-
brane [7]. In older grafts this parakeratotic zone 
was not seen, prohably because it was shed as the 
ichthyotic stratum corneum formed beneath it. 
Comparison of the histologic appearance of the 
pre- and post-graft ichthyotic epidermis showed no 
difference between them other than the formation 
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FIG. 2. a: Normal adult human skin. Graft from Negro 
subject on nude mouse for 70 days. b: Histologic section 
from above graft sh("'~ng normal epidermal appearance. 
A distinct junction (arrow) between the normal human 
skin graft IN) and the surrounding mouse skin (M) ( 
40). 
of the parakeratotic zone descrihed above. In no 
case did the epidermis revert to a more normal 
epidermal pattern. 
Recombinants of Lamellar Ichthyosis Epidermis 
and Normal Dermis 
Thirty-eight recombinant grafts (l graft per 
mouse) composed of lamellar ichthyosis epidermis 
and normal dermis were attempted. In 11 of these, 
the animals died during the experiment prior to 
harvest ing the grafts. In 8, the grafts were lost and 
only contracted scars remained at the graft sites. In 
19 animals, graft tissue was present at the graft site 
after periods of 44 and 87 days on the nude mice. 
These grafts serve as the basis for the fo1l0wing 
description. On gross inspection 17 of 19 of these 
grafts were covered with coarse lamellar scales 
resemhling lamellar ichthyosis. Some of the grafts 
corresponded to the size of the original graft 
whereas others were smaller or composed only 
partially of skin resemhling lamellar ichthyosis. 
Histologic examination of these grafts showed an 
abrupt transition from mouse epidermis to human 
ichthyotic epidermis similar to that seen in whole-
skin.lamellar ichthyosis grafts (Figs. 4, 5). Stratum 
corneum in the ichthyotic areas was markedly 
ihickened and compact. The viable portion of the 
epidermis was more variable in its thickness than 
in whole-skin lamellar ichthyosis grafts but was 
generally acanthotic. Accentuation of the dermal 
]lapil\ae~rete ridge pattern which isa prominent 
feature of lamellar ichthyosis tended to be flat-
tened in the recombinants although even this 
feature was seen in some recombinant grafts (Fig. 
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5). In some grafts. the dermal component of the 
recombinant, particularly at the margins of the 
grafts, was covered .by a different-appearing epi-
dermis, resembling mouse epidermis (Fig. 6). 
These areas had a thin stratum corneum and 
thinner, more basophilic basal and spinous layer. 
These areas differed from the nude mouse skin at 
the periphery of the grafts only in the absence of 
skin appendages and effacement of theepider-
mal-dermal junction. We believe that these areas 
resulted from migration of mouse epidermis over 
the human dermis in the graft bed, perhaps in 
areas where the epidermal and dermal components 
of the recombinant grafts separated during or after 
the grafting procedure. In 2 of 19 recombinants, the 
FIG. 3. a: Lamellar ichthyosis. Whole-skin graft on 
nude mouse for 52 days. b: Histologic section from same 
graft. A distinct junction (arrow) is seen between the 
lamellar ichthyosis graft (Ll) and the surrounding mouse 
skin 1M) (x 40). 
FrG.4. Recombinant graft of lamellar ichthyosis epi-
dermis and normal dermis on nude mouse for 51 davs 
showing ichthyotic epidermis (Li) and adjacent mouse 
skin (1\1) 40). 
570 BRIGGAMAN AND WHEELER 
grafts were grossiywithout scale and .appeared like 
normal.skin. Histologic examination of these grafts 
showed an epidermis which appeared to be mouse 
epidermis that completely covered the dermal 
component of the recombinant. No human epider-
mis, either normal or ichthyotic, was recognized in 
these two grafts. We believe that this represents 
loss {lfthe human epidermis in the graft procedure 
with subsequent .overgrowth of the retained human 
dermis by mouse epidermis. In none of the recom-
FIG. 5. Recombinant graft of lamellar ichthyosis epi-
dermis and normal dermis on nude mouse for 55 days. 
Accentuation of the dermal papillae-rete ridge pattern is 
present at the epidermal-dermal junction (x 40). 
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binantgraftscomposed oflamellar lchthyosiser 
dermis .andnormalhumandermis did the abner 
mal epidermis assume the appearance of . norm 
human epidermis. 
Recombinants of Normal Epidermis and Lamellar 
Ichthyosis Dermis 
Thirty-two recombinants of .normal epidermis 
and lamellar ichthyosis dermis were attempted. I 1 
12 of these, the animals died prior to harvesting th" 
grafts. In 3, the grafts were lost andonlv 1 
contracted scar remained at the graft site.Se~en. 
teen animals retained graft tissue for periods from 
44 to 87 days and constitute the basis for the 
following description. All 17 grafts grosslyresem· 
bled normal skin (Fig. 70). Scaling was seen in 
some of the grafts but it was usually minimal and 
never marked as in lamellar ichthyosis. Wben 
scaling was present in the grafts, the surrounding 
mouse skin was usually scaly also. On histologic 
examination, 14 of the 17 grafts had epidermal 
characteristics of normal human epidermis in all or 
a portion of the graft (Fig. 7b). Like the recombi-
nants of lamellar ichthyosis epidermis and normal 
dermis, in some of the grafts, mouse epidermis was 
seen covering areas of the human dermal compo· 
FIG. 6. Recam binan! of lamellar ichthvosis epidermis and normal dermis on nude mouse for 75 davs. The dermal 
component of the recombinant (D) is covered by an epidermis which appears to he mouse epidermis (M) at the 
periphery of the graft. An abrupt transition (arrow) to lamellar ichthyosis epidermis (Ll) is seen towards the central 
area of the graft ( 40). 
FIG. 7. b: Recombinant graft of normal epidermis and lamellar ichthyosis dermis on nude mouse fOT 51 days 
showing normal human epidermis (H) and adjacent mouse skin (M) (x 40). 
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FIG. 8. Recombinant graft of normal epidermis and la-
:"ellar ichthyosis dermis on nude mouse for 75 days. An 
c.:>idermis which appears to be mouse epidermis (M) 
)vers the dermal component of the recombinant (D) at 
peripbery of the );;raft. A transition (arrow) to no:mal 
"aman epidermis (11) is seen toward the center 01 the 
craft (x 40). 
nent of the recombinant. particularly in the pe-
riphery of the graft (Fig. 8). In 3 recombinants, the 
entire epidermis had characteristics of mouse epi-
dermis only. Apparently, again, the human epider-
mis had been lost in grafting and mouse epidermis 
had overgrown the retained grafted human dermis. 
Studies are planned to distinguish definitively 
between mouse and human epidermis in recombi-
nant grafts grown on nude mice using immunologic 
and cytogenetic techniques. In none of the recom-
binant grafts composed of normal human epider-
mis and lamellar ichthvosis did the epidermis 
grossly or histologically r~semble lamellar ichthyo. 
sis. 
Recombinants of Lamellar Ichthyosis Epidermis 
and Lamellar Ichthyosis Dermis 
Thirteen recombinants of lamellar ichthyosis 
epidermis and dermis were attempted. In 4 of 
these. the animals died prior to harvesting the 
grafts. In 3, the grafts were lost and only contracted 
scars remained at the graft sites. In 6, the grafts 
were maintained for periods of 44 and 67 days. All 
6 grafts were markedly scaly, resembling lamellar 
ichthyosis in all or a portion of the graft. Histologic 
examination showed an appearance similar to that 
described above for the recombinants of ichthyotie 
epidermis and normal dermis. 
DlSCliSSIO:\ 
Long- Term Human Skin Graft to Nude Mouse 
Model 
For ethical as well as practical reasons, it is not 
possible to utilize human subjects for certain kinds 
of experiments necessary to obtain important 
biologic information about normal and diseased 
buman skin. To obviate this difficulty. human skin 
has been removed from its host and maintained in 
organ cultures and as grafts to the chorioallantoic 
membrane of the chick embryo [7]. By the nature 
of these models, the experiments have necessarily 
been short term, in the order of several weeks. For 
many investigations, long experimental periods of 
"everal months' duration are required. The nude 
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athymic. mouse serves as an eJ(cellentmodel for 
long-term cultivation of human skin outside of the 
human body. Normal human skin retains its in 
vivo features for. months without alterations when 
maintained as grafts to nude athymic mice [4-6]. 
This system shows reproducible results, the proce-
dures are relatively simple and skin graft sites are 
accessible for observations and manipulation. In 
addition, no immunosuppressive or other drugs are 
involved which might interfere with the experi-
mental results. The only rea! shortcoming of the 
model is the high death rate of nude mice 
with human skin which is approximately 
grafted animals over a several-month period in this 
and other studies [6]. This problem does not 
seriously limit the usefulness of the model since it 
can be overcome by doing a larger number of 
grafts. Some degree of success has been achieved 
with other long-term skin cultivation techniques, 
for example, transplanting heterologous skin to 
immunologically privileged sites such as the ham-
ster cheek pouch [8], anterior chamber of the eye 
and uterus [9], or to animals treated with immu-
nosuppressive agents [10]. However, none of these 
models has all the advantages mentioned previ-
ously for the nude mouse-skin graft model. 
We are reporting, to our knowledge, the first 
experiments utilizing the long-term cultivation of 
whole skin and recombinant grafts in the of 
any human skin disease. Krueger et aJ [6J 
human skin grafts to nude athymic mice to study 
psoriasis with tbe determination that the defect in 
psoriasis probably resides in skin rather than a 
systemic effect on skin. They used whole skin and 
did not perform recombinant studies to localize the 
defect to epidermis or dermis. A somewhat similar 
type of study using inbred mice to accept isologous 
mouse skin for whole skin and recombinant grafts 
has been done to investigate hairlessness in mice 
(hrlhr) [11-12]. Obviously. human skin grafts 
would not be accepted by these immunologically 
competent mice and inbred strains of humans are 
not availabJe for study of human skin disease. The 
nude athymic m01lse which accepts human skin 
grafts for prolonged periods appears to be the best 
model at this time for studies of the type reported 
in this paper, as well as for many other types of 
studies utilizing human skin. 
Transplantation and Recombination Studies of 
Lamellar Ichthyosis 
The defective gene in lamellar ichthyosis might 
operate at three possible sites in order to produce 
the striking clinical, microscopic, and cytokinetic 
changes in lamellar ichthyosis epidermis. First, the 
defective gene might produce a systemic abnor-
mality which in turn induces the epidermal alt.era-
tions. Second, the gene might operate at the level 
of the dermis which. then modulates the activity of 
the neighboring epidermis. Third, the defective 
gene might act directly on the epidermis itself. 
The first possibility is supported by the fact that 
572 BRIGGAMAN AND WHEEI£R 
several inherited systemic disorders are known to 
produce ichthyosiform cutaneous changes. Ref· 
sum's disease is caused by the deficiency of an 
enzyme involved in the degradative metabolism of 
phytanic acid, a branched-chain fatty acid derived 
from exogenous dietary sources [13,14]. The dis-
ease is manifested by a generalized or localized 
ichthyosiform dermatosis accompanied by exten-
sive neurologic and ocular manifestations. The 
disease is partially correctible by a diet low in 
phytol [15]. Another example of a systemic effect 
on epidermis is the Richner-Hanhart syndrome 
(tryosinemia with plantar and palmar keratosis 
and keratitis) which is associated with a defect in 
tyrosine metabolism manifested by hyper-
tyrosinemia and increased urinary excretion of 
metabolites of tyrosine [6]. The epithelial lesions 
resolved on a low-tyrosine, low-phenylalanine diet. 
It should be emphasized that in both disorders the 
epithelial alterations are reversible when the meta-
bolic abnormality is corrected. 
If lamellar ichthyosis is due to a systemic defect 
which causes abnormal epidermal behavior and 
keratinization, the diseased skin would be ex-
pected to return to normal in an environment free 
of the systemic defect, provided sufficient time is 
allowed. On the other hand, if the disease is due to 
an inherent defect in the skin itself, the defect 
would be expected to persist in a foreign environ-
ment after removal from the affected patient. 
The observations made in this study clearly 
indicate that lamellar ichthyosis is faithfully main· 
tained for prolonged periods in whole-skin grafts to 
nude athymic mice. Maximum graft periods of 4 
months in this study should provide for a several· 
fold renewal of the grafted epidermis and should 
have been sufficiently long for modulation of the 
disease state to normal if such were to occur. The 
studies of Frost and Weinstein give a cell transit 
time through the epidermis of 4 to 5 days in this 
disease. Therefore, the accelerated epidermal cell 
kinetics in lamellar ichthyosis should allow for 
many generations of epidermal cells to evolve 
within the 4-month period. In light of our results, 
the possibility that lamellar ichthyosis results from 
a systemic defect seems remote. The most fruitful 
area to search for the defect in this disease seems to 
be the skin itself. 
Our studies provide strong evidence for localiza· 
tion of the site of action of the defective gene in 
lamellar ichthyosis to the epidermis. Recombinant 
grafts of lamellar ichthyosis epidermis and normal 
dermis retained the epidermal appearance of la-
mellar ichthyosis during prolonged cultivation on 
nude athymic mice. In addition, recombinant 
grafts of normal epidermis and lamellar ichthyosis 
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dermis retained a normal-appearing epiderrri, 
over prolonged periods of graft sojourn in lIud, 
mice. In no case did ichthyosic epidermis revert ':. 
a normal human epidermal pattern when Com 
bined With either normal or ichthyotic dermis n'} 
did normal epidermis become ichthyotic wh(-] 
combined with ichthyotic dermis. 
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